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SR PART 1 P2
ENGINEERING MECHANICS

Unit 1 = Introduction to Mechanics of Materials

Mechanics of materials is a branch of applied mechanics that deals with the behavior
of solid bodies subjected to various types of loading. Other names for this field of study are
strength of materials and mechanics of deformable bodies. The solid bodies considered in
this unit include bars with axial loads, shafts in torsion, beams in bending, and columns in
compression.

The principal objective of mechanics of materials is to determine the stresses. strains,
and displacements in structures and their components due to the loads acting on them. If we
can find these quantities for all values of the loads up to the loads that cause failure, we
will have a complete picture of the mechanical behavior of these structures. '

An understanding of mechanical behavior is essential for the safe design of all types of
structures, whether airplanes and antennas, buildings and bridges, machines and motors.,
or ships and spacecraft. That is why mechanics of materials is a basic subject in so many en-
gineering fields. Statics and dynamics are also essential. but those subjects deal primarily
with the forces and motions associated with particles and rigid bodies. In mechanics of ma-
terials we go one step further by examining the stresses and strains inside real bodies, that
is. bodies of finite dimension that deform under loads. ® To determine the stresses and
strains, we use the physical properties of the materials as well as numerous theoretical laws
and concepts.

Theoretical analyses and experimental results have equally important roles in mechanics of
materials. We use theories to derive formulas and equations for predicting mechanical behavior.
but these expressions can not be used in practical design unless the physical properties of the mate-
rials are known. Such properties are available only after careful experiments have been carried out
in the laboratory. Furthermore, not all practical problems are amenable to theoretical analysis
alone. and in such cases physical testing is a necessity.

The historical development of mechanics of materials is a fascinating blend of both
theory and experiment—theory has pointed the way to useful results in some instances. and

experiment has done so in others. ¥ Such famous persons as Leonardo da Vinci¥ (1452
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1519) and Galileo Galilei™ (1564-1642) performed experiments to determine the strength
of wires, bars. and beams. although they did not develop adequate theories (by today’s
standards) to explain their test results. By contrast, the famous mathematician Leonhard
Euler (1707-1783) developed the mathematical theory of columns and calculated the
critical load of a column in 1744, long before any experimental evidence existed to show
the significance of his result. Without appropriate tests to back up his theories, Euler’s re-
sults remained unused for over a hundred years, although today they are basis for the
design and analysis of most columns.

When studying mechanics of materials, you will find that your efforts are divided nat-
urally into two parts: first, understanding the logical development of the concepts. and
second, applying those concepts to practical situations. Some of the problems are numerical
in character. and others are symbolic (or algebraic).

An advantage of numerical problems is that the magnitudes of all quantities are
evident at every stage of the calculations, thus providing an opportunity to judge whether
the values are reasonable or not. The principal advantage of symbolic problems is that they
lead to general-purpose formulas. A formula displays the variables that affect the final re-
sults; for instance. a quantity may actually cancel out of the solution, a fact that would not
be evident from a numerical solution. Also, an algebraic solution shows the manner in
which each variable affects the results. as when one variable appears in the numerator and
another appears in the denominator. Furthermore. a symbolic solution provides the oppor-
tunity to check the dimensions at every stage of the work. Finally. the most important rea-
son for solving algebraically is to obtain a general formula that can be used for many dif-
ferent problems. In contrast., a numerical solution applies to only one set of circum-
stances. Because engineers must be adept at both kinds of solution, you will find a mixture
of numeric and symbolic problems throughout this unit.

Numerical problems require that you work with specific units of measurement. In
keeping with current engineering practice, this unit utilizes both the International System
of Units (SI) and the U. S. Customary System (USCS).

(Selected from: James MGere; Mechanics of Materials;
Books/Cole Publishing Company; 2001)

Words and Expressions s

1. mechanics [ mi'keeniks | n. J1%F (HESED . Iy (HESRED

2. deformable [ di'formabl] adj. "2 IE Y

3. torsion ['torfen] n. ¥, Hfidh. fH

4. strain [ strein] n. skJi. P, RAE vio R, AR

5. displacement [ dis'pleism(a)nt] n. WA, g

6. column ['kalam]] n. BIA, HIEY, &

7. components [kem'paunant] adj. M. B n. 4. W, HBF
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8. antennas [een'tena ] n. K

9. derive [di'raiv] vi. T, BH vi. BIE

10. available [ a'velabl] adj. BEW, W5/, ATA K. 2SR

11. amenable [a'minabl] adj. AL, RRMNEY . A L5511, A
12. symbolic [sim'balik] adj. RAEW, FF50, M 71

13. denominator [ di'nomineits] n. [ bk, s

14. conversion [kan've:3n] n. Fe¥, AR, SUR{E A

@ A<M A PEN . ISR AEAE 15 2 W 1 I\ 32 303 < 380 BT A 5 2 A Xof 17 1 K S g L (4
HIR R R Jy BIAEFALES) . AT ik ey S gt ae A 7 — 2wy 1R

O ARmAriFER . “TEME R, Bl EE ALY A2 805 KA A IRV TE 5
P R S AR AR . X HEREAT B — P TR ARTSE 7

@ AmJ Al . BBy E g AT P s R B A SR O A R 4 18 S 4 T PG
FHAFEA ME RS R U T, i A B0 T 256 WA T LU R 7

@ Leonardo da Vinci (15 April, 1452-2 May, 1519) was an Italian Renaissance archi-
tect, musician, anatomist, inventor, engineer, sculptor. ge-
ometer and painter. He was described as the archetype of the
“Renaissance man” and as a universal genius. Leonardo is fa-
mous for his masterly paintings, such as The Last Supper and
Mona Lisa. He is also known for designing many inventions
that anticipated modern technology. although few of these
designs were constructed in his lifetime . In addition, he
helped advance the study of anatomy., astronomy, and civil
engineering. Renaissance humanism saw no mutually exclusive
polarities between sciences and arts.

©® Galileo Galilei (15 February, 1564-8 January, 1642)

was born in Pisa, Ducny of Florence, was an Italian

physicist, mathematician, astronomer, and philosopher who
played a major role in the Scientific Revolution. Galileo has
been called the “father of modern observational astronomy,”
the “father of modern physics,” the “father of science” and
“the Father of Modern Science. ” Stephen Hawking says,
“Galileo, perhaps more than any other single person. was re-

”

sponsible for the birth of modern science.

Exercises 3=

1. Please write an abstract for this text in no more than 200 words.

3
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2. Please translate the third paragraph of the text into Chinese.

3. What is the purpose of research on mechanics of materials?

4. What is the connection between theoretical analyses and experimental results?
. Please translate the following into English:

BERE 2. Bfs HUEG: S SRS R 9

w

¢ Reading Material 1

Introduction to Rest and Motion

Uniformity of nature. [f we place a stone in water. it will sink to the bottom; if we
place a cork in water. it will rise to the top. These two statements will be admitted to be
true not only of stones and corks which have been seen to sink or rise in water but of all
stones and corks. Given a piece of stone which has never been placed in water, we feel con-
fident that if we place it in water it will sink. What justification have we for supposing that
this new and untried piece of stone will sink in water? We know that millions of pieces of
stone have at different times been placed in water; we know that not a single one of these
has cver been known to do anything but sink. From this we infer that nature treats all
pieces of stone alike when they are placed in water, and so feel confident that a new and
untried piece of stone will be treated by the force of nature in the same way as the innu-
merable pieces of stone of which the behavior has been tested. and hence that it will sink
in water. This principle is known as that of the uniformity of naturc; what the forces of na-
ture have been found to do once. they will. under similar conditions. do again.

Laws of nature. The principle just stated amounts to saying that the action of nature is
governed by certain laws; these we speak of as laws of nature. For instance, if it has been
found that every stone which has ever been placed in water has sunk to the bottom. then,
as has already been said, the principle of uniformity of nature leads us to supposec that cv-
ery stone which at any future time is placed in water will sink to the bottom; and we can
then announce, as a law of nature. that any stone, place in water, will sink to the bottom.

That part of science which deals with the laws of nature is called natural sci-
ence. Natural science is divided into two parts. experimental and theoretical. Experimental
science tries to discover laws of nature by observing the action of the forces of nature time
after time. Theoretical science takes as its material the laws of nature discovered by experi-
mental science. and aims at reducing them, if possible. to simpler forms, and then discov-
ering how to predict from these laws what the action of the forces of nature will be in cases
which have not actually been subjected to the test of experiment. For example. experimen-
tal science discovers that a stone sinks. that a cork floats. and a number of similar
laws. From these theoretical physics arrives at the simple laws of naturc which govern all
phenomena of sinking or floating. and. going further. shows how these laws enable us to

predict, before the experiment has been actually tried. whether a giver body will sink or



PART I ENGINEERING MECHANICS

float. For instance. experimental science can not discover whether a 50. 000-ton ship will
float or sink. because no 50. 000-ton ship exists with which to experiment. The naval ar-
chitect. relying on the uniformity of nature. on the laws of nature determined by experi-
mental science. and on the method of handling these laws taught by theoretical science.
may build a 50, 000-ton ship with every confidence that it will behave in the way predicted
by theoretical science.

The science of mechanics. The branch of science known as mechanics deals with the mo-
tion of bodies in space, and with the forces of nature which cause or tend to cause this mo-
tion. The laws of nature which govern the action of these forces and the motion of bodies
have long been known. and were reduced to their simplest form by Newton. Thus we may
that experimental mechanics is a completed branch of science.

We start form the laws supplied by experimental mechanies. and have to discuss how
these laws can be used to predict the motion of bodies, for instance. the falling of bodies to
the ground. the firing of projectiles. the motion of the earth and the planets round the
sun. An important class of problems which we shall have to discuss will be those in which
no motion takes place. the forces of nature which tend to cause motion being so evenly bal-
anced that no motion occurs. Such problems are known as statical.

State of rest. Before we can reason about the motion of a body we have to determine
what is meant by a body being at rest. In ordinary language we say that a train is at rest
when the cars are not moving over the rails. We know. however. that the train. in
common with the rest of the earth. is not actually at rest. but moving round the sun with a
grcat velocity. Again. a fly crawling on the wall of a railway car might in one sense be said
to be at rest. if it remained standing on the same spot of the wall. The fly. however. would
not actually be at rest; it would share in the motion of the carth round the sun. and the sun
would share in the motion of the whole solar system through space.

These instances will show the necessity of attaching a clear and exact meaning to the
conceptions of rest and motion. Obviously our statements would have been exact enough if
we had said that in the first case the train was at rest relatively to the carth. and that in the
sccond case the fly was at rest relatively to the car.

Frame of reference. Thus we find it necessary. before discussing rest and motion. to in-
troduce the conception of a frame of reference. The carth supplied a frame of reference for
the motion of the train. and when a train is not moving over the rails we may say that it is
at rest. the earth being taken as frame of reference. So also we could say that the fly was at
rest. the car being taken as frame of reference. Obviously any framework. recal or imagi-
nary. or any material body. may be taken as a frame of reference. provided that it is rig-
id. i. c. that it is not itself changing its shape or size.

We may accordingly say that a point is at rest relatively to any frame of reference
when the distance of the point from cach point of the frame of reference remains unal-
tered.

Motion relative to frame of reference. Having specified a frame of reference. we can dis-
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cuss not only rest but also motion relative to the frame of reference. When the train has
moved a mile over the tracks we say that it has moved a mile relatively to its frame of ref-
crence, the earth. When the fly has crawled from floor to ceiling of the car we say that it
has moved. say. cight feet relatively to its frame of reference, the car.

(Selected from: Sir James Jeans Ginn; An elementary treatise

on theoretical mechanics. Dover Publications; 2005 )

Words and Expressions R

1. uniformity [juini‘formiti] n. ¥, —H

2. cork [koik] n. ME, RAKE ve. HIHEZEFE

3. justification [d3astifikeif(a)n] n. B, AP

4. untried [ An'traid] adj. RALLIKA, KEKED

5. innumerable Linjuum(a)rab(a)l]  adj. TTLEH . FAFHH

6. phenomena [fa'nomina] n. % (phenomenon )& ¥

7. naval ['neiv(a)l] adj. R, ZEARY

8. crawl [kro:l] vi. T84T, 212 {7t

9. imaginary [i'maed3in(a)ri] adj. FEMWE, BAEK, B8, EHY
10. rigid [ 'ridzid] adj. A& R, fEAER, WM. KA. KR
11. unaltered [An'a:lta(r)d] adj. RER, KSR, BIHA

12. track [treek ] n. BEAb ve. BES, TEHMIT  vi. BEE
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Unit 2 Normal Stress and Strain

The most fundamental concepts in mechanics of materials are stress and strain. These
concepts can be illustrated in their most elementary form by considering a prismatic bar
subjected to axial forces. A prismatic bar is a straight structural member having the same
cross section throughout its length, and axial force is a load directed along the axis of the
member. resulting in either tension or compression in the bar. " Examples are shown in
Fig. 1-1, where the tow bar is a prismatic member in tension and the landing gear strut is a
member in compression. Other examples are the member of a bridge truss, connecting rods
in automobile engines. spokes of bicycle wheel, columns in buildings. and wing struts in

small airplanes.

Landing gear strut

Tow bar

Fig. 1-1 Structural members subjected to axial loads.

(The tow bar is in tension and the landing gear strut is in compression)

For discussion purposes. we will consider the tow bar of Fig. 1-1 and isolate a segment
of it as a free body (Fig. 1-2a). When drawing this free-body diagram. we disregard the
weight of the bar itself and assume that only active forces are the axial forces P at the
ends. Next we consider two views of the bar. the first showing the same bar before the
loads are applied (Fig. 1-2b) and the second showing it after the loads are applied (Fig. 1-
2¢). Note that the original length of the bar is denoted by the letter L. and the increase in
length due to the loads is denoted by the Greek letter 6 (delta).

I ) J Td g ='§
(c) (d)

Fig. 1-2  Prismatic bar in tension: (a) Free-body diagram of a segment of the bar;
(b) Segment of the bar before loading: (¢) Segment of the bar after loading;

(d) Normal stresses in the bar

7
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The internal stresses in the bar are exposed if we make an imaginary cut though the
bar at section mn (Fig. 1-2¢). Because this section is taken perpendicular to the longitudinal
axis of the bar. it is called a cross section. We now isolate the part of the bar to the left of
cross section mn as a free body (Fig. 1-2d). At the right-hand end of this free body (section
mn) we show the action of the removed part of the bar (that is. the part to the right of
section mn) upon the part that remains. This action consists of a continuously distributed
force acting over the entire cross section. The intensity of the force (that is, the force per
unit area) is called the stress and is denoted by the Greek letter o (sigma). Thus, the axial
force P acting at the cross section is the resultant of the continuously distributed stresses.
(The resultant force is shown with a dashed line in Fig. 1-2d. )

Assuming that the stresses are uniformly distributed over cross section mn (Fig. 1-2d) ,
we see that their resultant must be equal to the intensity o times the cross-sectional area A
of the bar. Therefore. we obtain the following expression for the magnitude of the stres-

SES:

UZZ (1-1)

This equation gives the intensity of uniform stress in an axially loaded. prismatic bar
of arbitrary cross-sectional shape. When the bar is stretched by the force P. the stresses are
tensile stresses; if the forces are reversed in direction, causing the bar to be compressed,
we obtain compressive stresses. In as much as the stresses act in a direction perpendicular to
the cut surface. they are called normal stresses. Thus, normal stresses may be either tensile
or compressive.

When a sign convention for normal stresses is required, it is customary to define

tensile stresses as positive and compressive stresses as negative.

The equation o = a8 valid only if the stress is uniformly distributed over the cross sec-

tion of the bar. This condition is realized if the axial force P acts through the centroid of
the cross-sectional area. as demonstrated later in this section. When the load P does not act
at the centroid, bending of the bar will result,

;@_,P and a more complicated analysis is necessary.
One possibility is illustrated by the eyebar

shown in Fig. 1-3. In this instance the loads P are

Fig. 1-3  Steel eyebar subjected to . .
. transmitted to the bar by pins that pass through
tensile loads P
the holes (or eyes) at the ends of the bar. Thus,

the force shown in the figure are actually the resultants of bearing pressures between the
pins and the eyebar. and the stress distribution around the holes is quite complex. ¥ Howev-
er. as we move away from the ends and toward the middle of the bar. the stress distribu-
tion gradually approaches the uniform distribution pictured in Fig. 1-2d.

As already observed. a straight bar will change in length when loaded axially, becom-

ing longer when in tension and shorter when in compression. For instance. consider again
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the prismatic bar of Fig. 1-2. The elongation ¢ of this bar (Fig. 1-Zc. ) is the cumulative re-
sult of the stretching of all elements of the material throughout the volume of the bar. Let

us assume that material is the same everywhere in the bar. Then, if we consider half of the

0 .
bar (length L/2), it will have an elongation equal to o and if we consider one-fourth of

) . .
the bar, it will have an elongation equal to 1 In general, the elongation of a segment is
equal to its length divided by the total length L and multiplied by the total elongation

1
8. Therefore, a unit length of the bar will have an elongation equal to T time 6. This quan-

tity is called the elongation per unit length, or strain, and is denoted by the Greek letter e
(epsilon). We see that strain is given by the equation
€= 9 (1-2)
L

If the bar is in tension, the strain is called a tensile strain, representing an elongation
or stretching of the material. If the bar is in compression, the strain is a compressive strain
and the bar shortens. Tensile strain is usually taken as positive and compressive strain as
negative. The strain eis called a normal strain because it is associated with normal stresses.
Because normal strain is the ratio of two lengths, it is a dimensionless quantity, that
is, it has no units. Therefore, strain is expressed simply as a number, independent of any
system of units. Numerical values of strain are usually very small, because bars made of

structural materials undergo only small changes in length when loaded.
(Selected from: James MGere; Mechanics of Materials;
Books/Cole Publishing Company; 2001)

Words and Expressions JES

1. fundamental
2. elementary
3. prismatic

4. perpendicular
5. longitudinal
6. resultant

7. reversed

8. convention
9. demonstrate
10. centroid
11. transmit
12. elongation
13. cumulative

14. homogeneous

[fanda'ment(a)l]
[eliment(a)ri]
[ priz’meetik |

[pa:p(a)n'dikjule]

[landza'tudnl]
[rizalt(a)nt]
[ri've:s]
[kan'ven[(a)n]
['demanstreit ]
[ 'sentroid]

[ treens'mrt ]
[itlon'geif(a)n]
['kjurmjulativ ]
[\homa'dzinias |

adj. EARR, RAMN n. EAFH
adj. HEAR, ¥MHEH

adj. SFHA ), AR

adj. TEHB, EXH  n. FEk

adj. KE®, ImE, £Lm1

n. 571, &% adj. R, G
vt. BifE)  adj. W

n. Kex, [F] A

ve. WER, &R, Bk, IES vi. R
n. JELO . JUfr L

vi. 1650, &%, ik vi. 8. R85 S
n. i, FEffER

adj. BRI

adj. YIS0, [ FFm. R



